Introduction {#sec1}
============

Synthesis and manipulation of alkenes are essential in organic chemistry and the chemical industry.^[@ref1]^ Although many methods have been developed to prepare olefins via the interchange of various functional groups, the isomerization of readily available olefins could be one of the most atom-economical ways to access compounds having a carbon--carbon double bond at the desired position.^[@ref2]^ For example, metal-catalyzed alkene isomerization is a powerful chemical transformation that provides a \[1,3\]-hydrogen shift, not easily viable by other techniques.^[@ref3]^ The one-carbon migration or one-position shift of such double bonds, that is, allylbenzene to 1-propenylbenzene, has been reported with a wide array of metal complexes or bases and applied to the synthesis of natural products.^[@ref4]^ In contrast, the potential to isomerize olefins through two or more carbon atoms/positions under mild reaction conditions has seldom been explored.^[@cit3a],[@ref5]^ Recently, Mazet's group cleverly demonstrated the potential of long-range olefin isomerization in preparing highly functionalized molecules.^[@ref6]^

Herein, we report that nanoscale palladium(0) prepared in situ catalyzes the isomerization of 2-alkenylbenzoic acid derivatives to the corresponding vinyl-conjugated products, in which olefin migration over up to five carbon atoms was achieved under very mild reaction conditions ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}). Palladium nanoparticles, as heterogeneous catalysts, have been widely applied for various cross-coupling and hydrogenation reactions;^[@ref7]^ however, few reports describe their role in isomerization reactions and the reported processes were often limited to a one-carbon migration of allylic substrates.^[@ref8]^ In this work, we demonstrate that isomerization of more than one carbon atom of olefins could be also practical, as shown in our synthesis of a natural isocoumarin.

![Isomerization of 2-Alkenylbenzoic Acid Derivatives](ao-2016-00509f_0011){#sch1}

Results and Discussion {#sec2}
======================

As palladium and its metal complexes have been widely applied for olefin isomerization reactions,^[@ref3]−[@ref5],[@ref9]^ we screened readily available palladium compounds for the isomerization of 2-(3-butenyl)benzoic acid^[@ref10]^ (**1a**) to 2-(1-butenyl)benzoic acid^[@ref11]^ (**1b**). The results are summarized in [Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}. Initially, a reaction mixture of **1a** and 10 mol % PdCl~2~ was stirred in 1,2-dichloroethane at 50 °C for 5 h, and the oxidized product, 3-ethyl-1*H*-isochromen-1-one (**1c**), was obtained in 57% yield (entry 1). Oxidation of the desired product, **1b**, to **1c** via the Wacker process catalyzed by Pd(II) was reported.^[@ref12]^ Thus, we conducted the reaction under an atmosphere of nitrogen and lowered the reaction temperature to 25 °C. To our delight, the isomerized product, **1b**, was isolated in 92% yield (entry 2). The ^1^H NMR spectrum of the product was consistent with the reported data for **1b** and indicated that the E-isomer dominated (\>20:1; the coupling constant between the two vinylic hydrogens of **1b**, 15.6 Hz, was observed and consistent with the reported value).^[@ref11]^ Using PdCl~2~ of a higher purity (99.999%) gave a comparable yield of **1b** (entry 3), a result that should exclude this reaction as being catalyzed by trace amounts of impurities. The yield remained the same when 5 mol % PdCl~2~ was applied (entry 4); however, further reducing the amount of PdCl~2~ led to poor conversion (entry 6). The variation in the yield was negligible as we increased the reaction scale (1.0 mmol of **1a**, entry 5). Bis(acetonitrile)palladium dichloride afforded a slightly lower yield (entry 7). No conversion was observed when palladium(II) acetate, palladium on activated charcoal with or without a chloride ion, PdCl~2~(PPh~3~)~2~, or Pd~2~(dba)~3~ was used (entries 8--12). The results suggested that this reaction does not require ligands, which are often employed in homogeneous catalysis.

###### Screening Reaction Conditions

![](ao-2016-00509f_0013){#fx3}

  entry   catalyst                                  mol %   solvent        yield (%)
  ------- ----------------------------------------- ------- -------------- ------------------------------------
  1       PdCl~2~                                   10      (CH~2~Cl)~2~   57[a](#t1fn1){ref-type="table-fn"}
  2       PdCl~2~                                   10      CH~2~Cl~2~     92
  3       PdCl~2~[b](#t1fn2){ref-type="table-fn"}   10      CH~2~Cl~2~     93
  4       PdCl~2~                                   5       CH~2~Cl~2~     92
  5       PdCl~2~                                   5       CH~2~Cl~2~     91[c](#t1fn3){ref-type="table-fn"}
  6       PdCl~2~                                   2       CH~2~Cl~2~     45
  7       PdCl~2~(CH~3~CN)~2~                       5       CH~2~Cl~2~     82
  8       Pd(OAc)~2~                                10      CH~2~Cl~2~     0[d](#t1fn4){ref-type="table-fn"}
  9       Pd/C[e](#t1fn5){ref-type="table-fn"}              CH~2~Cl~2~     0[d](#t1fn4){ref-type="table-fn"}
  10      Pd/C[f](#t1fn6){ref-type="table-fn"}      5       CH~2~Cl~2~     0[d](#t1fn4){ref-type="table-fn"}
  11      PdCl~2~(PPh~3~)~2~                        10      CH~2~Cl~2~     0[d](#t1fn4){ref-type="table-fn"}
  12      Pd~2~(dba)~3~                             5       CH~2~Cl~2~     0[d](#t1fn4){ref-type="table-fn"}

Reaction conducted at 50 °C; 3-ethyl-1H-isochromen-1-one (**1c**) was isolated.

PdCl~2~ (99.999%).

1.0 mmol of **1a** was used.

Starting material recovered.

Palladium (5%) on activated charcoal, 1 equiv.

Palladium (5%; 5 mol %) on activated charcoal and 5 mol % of LiCl.

The reaction is not restricted to 2-alkenylbenzoic acids like **1a** but also works with a number of substrates, bearing various substituents on the benzene moiety. [Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"} summarizes the results of isomerization of substituted 2-(3-butenyl)benzoic acids, prepared by the allylation of various *o*-toluic acids or esters (**2a**--**15a**, [Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"}). All methyl-substituted substrates, **2a**--**5a**, provided good yields of the isomerized products, **2b**--**5b** (entries 1--4), regardless of the positions of the substituents. Benzoic acids **6a**--**9a**, bearing fluorine or chlorine at the 4- or 5-position, were also compatible with this process (entries 5--8), although better yields were obtained with chloro-substituted benzoic acids **8a** and **9a**. The 3-methoxy compound, **10a**, gave a poor conversion (30%, entry 9), but good yields were achieved for the substrates with a 4- or 6-methoxy group (entries 10 and 11). No conversion was observed for the 3-nitrobenzoic acid, **13a** (entry 12). The β-resorcylic acid derivative, **14a**, did not afford the isomerized product, **14b**, but the isomerization succeeded well when the corresponding diacetate, **15a**, was subjected to the reaction (entry 14).

![Synthesis of 2-(3-Butenyl)-Substituted Benzoic Acids](ao-2016-00509f_0012){#sch2}

###### Isomerization of Substituted 2-(3-Butenyl)-benzoic Acids

![](ao-2016-00509f_0005){#fx4}

  entry   R, reactant             product   yield (%)[a](#t2fn1){ref-type="table-fn"}
  ------- ----------------------- --------- -------------------------------------------
  1       3-CH~3~, **2a**         **2b**    76
  2       4-CH~3~, **3a**         **3b**    85
  3       5-CH~3~, **4a**         **4b**    81
  4       6-CH~3~, **5a**         **5b**    83
  5       4-F, **6a**             **6b**    79
  6       5-F, **7a**             **7b**    56
  7       4-Cl, **8a**            **8b**    92
  8       5-Cl, **9a**            **9b**    97
  9       3-OMe, **10a**          **10b**   30
  10      4-OMe, **11a**          **11b**   97
  11      6-OMe, **12a**          **12b**   81
  12      3-NO~2~, **13a**        **13b**   0
  13      4-OH, 6-OH, **14a**     **14b**   0
  14      4-OAc, 6-OAc, **15a**   **15b**   92

Isolated yield.

Results of studies on the isomerization of double bonds more distant from the benzene ring are provided in [Table [3](#tbl3){ref-type="other"}](#tbl3){ref-type="other"}. Under the same reaction conditions used for the substrates in [Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}, 2-(4-pentenyl)benzoic acid (**16a**) was isomerized to (*E*)-2-(1-pentenyl)benzoic acid (**16b**) in 85% isolated yield (entry 1).^[@ref13]^ Good-to-reasonable yields were obtained for the isomerization of 2-(5-hexenyl)benzoic acid (**17a**) and 2-(6-heptenyl)benzoic acid (**18a**, entries 2 and 3), in which the olefin migrations go through four and five sp^3^-carbon atoms, respectively. Poor conversion was observed when the migration further extended to six carbons (**19a**, entry 4). The comparable yields of **16b** resulting for terminal and internal olefins **16a** and **20a** (entries 1 and 5, respectively) suggest that **20a** could be the intermediate for the isomerization of **16a** to **16b** and that isomerization is a multiple-step process (vide infra). 1,1-Disubstituted and trisubstituted olefins (**21a** and **22a**), which are thermodynamically more stable compared with terminal alkenes,^[@ref14]^ failed to give the corresponding conjugated products under standard conditions. Like the result obtained for **14a**, compound **23a**, in which the hydroxyl group is on the alkenyl chain, was not a good substrate for the isomerization process (entry 8). However, the reaction proceeded when the hydroxyl group was protected as that in ethoxymethyl ether **24a** and the reaction temperature was increased (entry 9). The strong influence of the hydroxyl group in this isomerization reaction prompted us to screen other substrates bearing functional groups with a high haptophilicity/anchoring effect.^[@ref15]^ Indeed, the isomerization of a primary amide, 2-(3-butenyl)benzamide (**25a**), proceeded well at a higher reaction temperature (40 °C, entry 10). The corresponding reaction of secondary amide **26a** was also feasible (entry 11). Although the olefin isomerizations of tertiary amide **27a** and methyl ester **28a** were sluggish under the standard conditions, both reactions advanced in refluxing isopropyl alcohol (entries 12 and 13). This protic solvent compensates for the carbonyl compounds' lack of labile protons, such as esters and tertiary amides, promoting isomerization. These results broaden the scope of this process and substantially increase its potential in future applications. However, the yields of this isomerization reaction derived from nitrile **29a**, 4-(3-butenyl)benzoic acid **30a**,^[@ref16]^ and (3-butenyl)benzene **31a**([@ref17]) were low (entries 14--16), which suggests that the presence of the carboxyl group and its position relative to that of the alkenyl group are important for the isomerization reaction to occur.

###### Isomerization of 2-Alkenylbenzoic Acids[a](#t3fn1){ref-type="table-fn"}

![](ao-2016-00509f_0006){#fx5}

PdCl~2~ (5 mol %); reactions conducted in CH~2~Cl~2~ at 25 °C for 5 h.

Starting material recovered.

Reactions in refluxing 1,2-dichloroethane.

Reactions conducted in refluxing CH~2~Cl~2~.

Reactions conducted in refluxing isopropyl alcohol.

Starting material 91%; NMR yield.

Starting material 81%; NMR yield.

To further define the mechanism of the reaction, the progress of the isomerization of **1a** to **1b** was monitored by ^1^H NMR spectroscopy ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}), by which the reaction intermediate was recorded and identified as 2-(2-butenyl)benzoic acid (**1i**).^[@ref12]^ The plot of the concentrations of **1a**, intermediate **1i**, and **1b** versus time is shown in [Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"} and is consistent with a consecutive, stepwise reaction process for the isomerization ([Scheme [3](#sch3){ref-type="scheme"}](#sch3){ref-type="scheme"}). Modeling the observed concentration changes versus time according to the kinetic reaction rate equations ([Supporting Information](http://pubs.acs.org/doi/suppl/10.1021/acsomega.6b00509/suppl_file/ao6b00509_si_001.pdf)) based on [Scheme [3](#sch3){ref-type="scheme"}](#sch3){ref-type="scheme"} provided reasonably good correlation coefficients, in support of this tentative mechanism. The two rate constants, *k*~1~ and *k*~2~, obtained in the modeling study are 1.3 × 10^--4^ and 6.0 × 10^--5^ (M/s), respectively. Further studies are required to gain more insight into the reaction intermediate or mechanism.^[@cit4a]^

![Reaction progress of the isomerization of **1a**, monitored by ^1^H NMR spectroscopy (CD~2~Cl~2~, 300 MHz, 25 °C).](ao-2016-00509f_0014){#fig1}

![Plot of \[**1a**\], \[**1i**\], and \[**1b**\] vs time, and mathematical fitting for the isomerization of **1a**.](ao-2016-00509f_0001){#fig2}

![Sequential Isomerization of **1a**](ao-2016-00509f_0003){#sch3}

The NMR studies revealed that the reaction was static during the first 30 min ([Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}). This indicates that an incubation time is required to generate the active catalyst for the isomerization. This conjecture is supported by the observed color change in the reaction suspension as the reaction proceeded ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}a), which became evident after 25 min of stirring at 25 °C; the light-brown color was persistent throughout the reaction. At different reaction-time intervals, the suspensions were centrifuged to separate the solid residues from the organic solution. The former were then washed with CH~2~Cl~2~, collected, and subjected to analysis by X-ray powder diffraction (XRD) ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}b) and scanning electron microscopy (SEM; [Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}b, insets). The XRD spectra clearly indicated the disappearance of PdCl~2~ and the formation of Pd(0) as the reaction proceeded.^[@ref18]^ Here, a small portion of compound **1a** should be the reducing agent for the reduction of Pd(II) to Pd(0) and oxidized to **1c**. The formation of Pd(0) nanoparticles by the in situ reduction of Pd(II) with ethylene or vinyl compounds and their applications have been reported.^[@ref19]^ The SEM images also revealed changes in the morphology of the palladium, which gradually transformed from micrometer-scaled metal salts into nanometer-sized metal rods. The average size of the generated Pd(0) nanoparticles is 656 ± 176 nm, and a plot of their size distribution is shown in the [Supporting Information](http://pubs.acs.org/doi/suppl/10.1021/acsomega.6b00509/suppl_file/ao6b00509_si_001.pdf).

![(a) Pictures of the reaction mixture as the reaction proceeded: 0, 25, 90, and 300 min, respectively. (b) XRD patterns of the catalyst with different reaction times, PdCl~2~ and Pd(0) simulation (JCPDS Card No. 01-0228 and 05-0681). (c) SEM images of the catalyst corresponding to the reaction time.](ao-2016-00509f_0002){#fig3}

To test Pd(0) as the active catalyst for the reaction, the recyclability of the dark-colored palladium particles generated was examined next. Under an atmosphere of nitrogen, the palladium particles were separated out of the reaction mixture by centrifugation, washed with CH~2~Cl~2~, and supplemented with a new portion of **1a** in CH~2~Cl~2~ for another cycle of isomerization. The yields of **1b** obtained from each cycle are summarized in [Table [4](#tbl4){ref-type="other"}](#tbl4){ref-type="other"}. When the reactions were carried out under standard conditions, with 5 or 10 mol % of PdCl~2~ and stirring at 25 °C for 5 h in CH~2~Cl~2~, three cycles of the isomerization reaction were achieved (trials 1 and 2). On increasing the catalyst loading to 20 mol % and reducing the reaction time to 2 h for each cycle, the catalyst remained active in cycle 4. The results showed that the Pd(0) catalyst was recyclable. The gradual inactiveness of the palladium particles should be due to the loss of active, accessible metal surface area or agglomeration of Pd nanoparticles.^[@ref20]^

###### Recycling Studies for the Isomerization Reaction of **1a**

            trial 1,[a](#t4fn1){ref-type="table-fn"} yield (%)[b](#t4fn2){ref-type="table-fn"}   trial 2,[c](#t4fn3){ref-type="table-fn"} yield (%)[b](#t4fn2){ref-type="table-fn"}   trial 3,[d](#t4fn4){ref-type="table-fn"} yield (%)[b](#t4fn2){ref-type="table-fn"}
  --------- ------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------
  cycle 1   81                                                                                   81                                                                                   80
  cycle 2   68                                                                                   78                                                                                   74
  cycle 3   64                                                                                   29                                                                                   72
  cycle 4   0                                                                                    2                                                                                    24

PdCl~2~ (5 mol %); reactions conducted in CH~2~Cl~2~ at 25 °C for 5 h for each cycle. All operations were under an atmosphere of N~2~.

Isolated yield of **1b**.

PdCl~2~ (10 mol %); reactions conducted in CH~2~Cl~2~ at 25 °C for 5 h for each cycle.

PdCl~2~ (20 mol %); reactions conducted in CH~2~Cl~2~ at 25 °C for 2 h for each cycle.

2-Allyl benzoic acid **32a**([@ref21]) and **1a** were utilized to show the activity differences between several Pd(0) catalysts, that is, commercial Pd black, the synthesized Pd(0) nanoparticles (20 nm, [Supporting Information](http://pubs.acs.org/doi/suppl/10.1021/acsomega.6b00509/suppl_file/ao6b00509_si_001.pdf)),^[@ref22]^ and those prepared in situ from PdCl~2~ ([Table [5](#tbl5){ref-type="other"}](#tbl5){ref-type="other"}). For the isomerization reaction of **32a** to **32b**, both synthesized and in situ prepared Pd(0) nanoparticles gave comparable, good yields, which were significantly better than those on using commercial Pd black (entries 1--3) as the catalyst. However, only the in situ prepared Pd catalyst was effective in isomerizing the olefin of **1a** (entry 4), which went through two sp^3^ carbons to yield **1b**. The lower reactivity of the synthesized Pd(0) nanoparticles could be explained by the inevitable deactivation during the preparation, same as the decay of the in situ prepared Pd catalyst in the above recycle study.

###### Isomerization Reactions Catalyzed by Various Pd Sources

![](ao-2016-00509f_0007){#fx6}

Isolated yield.

Starting material 83%; NMR yield.

Starting material recovered.

We applied the Pd-catalyzed isomerization reaction to synthesize dihydroisocoumarin **33**, a natural product isolated from brown alga *Caulocystis cephalornithos* that showed anti-inflammatory activity ([Scheme [4](#sch4){ref-type="scheme"}](#sch4){ref-type="scheme"}).^[@ref23]^ Starting with commercially available 2-hydroxy-6-methylbenzoic acid (**34**), substrate **36** was prepared after protection of the hydroxyl group and allylation with (*E*)-1-bromododec-2-ene.^[@ref24]^ The reaction of **36** and PdCl~2~ in methanol afforded oxidized isocoumarin **38** in 98% yield, which should be derived from isomerized intermediate **37** undergoing spontaneous oxidative cyclization.^[@ref12]^ Hydrogenation of **35** with Pd/C gave the target dihydroisocoumarin, **33**, in 73% yield. The final two steps could be performed in a one-pot procedure by introducing hydrogen gas into the reaction vessel after the cyclization. This synthesis is short and free from metal-catalyzed C---C bond formations, such as Suzuki--Miyaura and Heck cross couplings, which are highly exploited in the syntheses of isocoumarin- or coumarin-type molecules.^[@ref25]^

![New Synthesis of Dihydroisocoumarin **33**](ao-2016-00509f_0004){#sch4}

Conclusions {#sec3}
===========

In summary, a palladium catalyst generated in situ effectively isomerizes homobenzylic or more distant primary olefins into the internal *E*-olefins, conjugated with the aromatic system of benzoic acid derivatives. NMR spectrometry observed 2-(2-butenyl)benzoic acid (**1i**) as the reaction intermediate and the kinetic study suggested a stepwise, multistep process for the isomerization. The reaction conditions are mild and easy to execute, and the Pd(0) catalyst is recyclable. This new reaction provides an alternative method for preparing alkenyl substituted aromatic carboxylic acids and their derivatives.

Experimental Section {#sec4}
====================

All reactions involving air- or moisture-sensitive reagents or intermediates were performed under an inert atmosphere of nitrogen in oven-dried glassware. Palladium black (98% Pd, surface area 28--33 m^2^/g), other reagents, and solvents were obtained from commercial suppliers and used without further purification, unless mentioned otherwise. Tetrahydrofuran (THF) and diethyl ether were dried over sodium, monitored with benzophenone ketyl radicals, and distilled prior to use. Dichloromethane and toluene were dried over CaH~2~ and distilled prior to use. Thin-layer chromatography was performed using precoated silica gel 60 F254 plates containing a fluorescent indicator; purification by chromatography was done using silica gel (230--400 mesh). ^1^H and ^13^C chemical shifts are reported in parts per million and referenced to residual solvent. All spectra were obtained at 25 °C.

Compounds **1a**,^[@ref10]^**16a**,^[@ref13]^**17a**,^[@ref13]^**18a**,^[@ref13]^**19a**,^[@ref13]^**30a**,^[@ref16]^**31a**,^[@ref17]^ and **32a**([@ref21]) were prepared according to the literature procedures.

XRD patterns were measured on a Burker D8 Advance diffractometer using a Cu Kα source (1.5406 Å). SEM and energy-dispersive X-ray spectroscopy were performed using a JEOL JSM-7000F SEM system utilizing an accelerating voltage of 15 keV.

General Procedure for the Pd-Catalyzed Isomerization of *o*-Alkenylbenzoic Acids {#sec4.1}
--------------------------------------------------------------------------------

Palladium chloride (1.8 mg, 10 μmol) was added to a solution of compound **1a** (35.2 mg, 0.20 mmol) in CH~2~Cl~2~ (8 mL). The suspension was stirred at room temperature (rt) for 5 h under an atmosphere of nitrogen and concentrated. The crude product was purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:3; *R*~*f*~ 0.37) to give **1b**([@ref11]) (32.4 mg, 0.18 mmol, 92%) as a light yellow liquid. ^1^H NMR (CDCl~3~, 300 MHz) δ 1.11 (t, *J* = 7.5 Hz, 3H), 2.23--2.33 (m, 2H), 6.19 (dt, *J* = 15.6, 6.6 Hz, 1H), 7.23--7.31 (m, 2H), 7.47 (t, *J* = 7.8 Hz, 1H), 7.55 (d, *J* = 7.8 Hz, 1H), 7.98 (d, *J* = 7.8 Hz, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 13.5, 26.3, 126.5, 126.8, 127.5, 127.6, 131.3, 132.9, 135.9, 140.7, 173.1; HRMS (ESI) calcd for \[M -- H\]^−^ (C~11~H~11~O~2~) 175.0763, found 175.0759.

### 2-(But-3-en-1-yl)-3-methylbenzoic Acid (**2a**) {#sec4.1.1}

*n*-BuLi (2.5 M in hexane, 1.5 mL, 3.67 mmol) was added dropwise to a solution of 3-methyl-2-methylbenzoic acid (252 mg, 1.67 mmol), THF (5 mL), and hexamethylphosphoramide (HMPA; 580 μL, 1.67 mmol) at −78 °C. The reaction mixture was stirred at −20 °C for 1 h, cooled to −78 °C, added with allyl bromide (365 μL, 4.19 mmol, in 1 mL of THF), stirred for 1 h at −78 °C and 1 h at rt, quenched with HCl~(aq)~ (1 N, 3 mL), and extracted with diethyl ether (6 mL × 3). The organic layers were combined, washed with sat. NaCl~(aq)~ (10 mL), dried over Na~2~SO~4~, filtered, and concentrated. The crude product was further purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:3; *R*~*f*~ 0.48) to give **2a** (130 mg, 0.69 mmol, 41%) as a colorless liquid. ^1^H NMR (CDCl~3~, 300 MHz) δ 2.29--2.35 (m, 2H), 2.38 (s, 3H), 3.04 (t, *J* = 7.8 Hz, 2H), 4.96--5.09 (m, 2H), 5.86--5.97 (m, 1H), 7.16 (dd, *J* = 7.4 Hz, *J* = 7.7 Hz, 1H), 7.32 (d, *J* = 7.4 Hz, 1H), 7.81 (d, *J* = 7.7 Hz, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 19.8, 29.7, 34.2, 114.6, 125.6, 129.1, 129.2, 134.8, 137.6, 138.3, 142.5, 174.0; HRMS (ESI) calcd for \[M + H\]^+^(C~12~H~15~O~2~) 191.1072, found 191.1078.

### (*E*)-2-(But-1-en-1-yl)-3-methylbenzoic Acid (**2b**) {#sec4.1.2}

The general procedure for the isomerization was followed. Starting with **2a** (20.0 mg, 0.10 mmol) and PdCl~2~ (1.0 mg, 5 μmol) in CH~2~Cl~2~ (5 mL), compound **2b** (14.5 mg, 0.076 mmol, 76%) was produced as a light yellow liquid after column chromatography (SiO~2~, ethyl acetate/hexanes, 1:3; *R~f~* 0.40). ^1^H NMR (CDCl~3~, 300 MHz) δ 1.07 (t, *J* = 9.0 Hz, 3H), 2.20--2.32 (m, 2H), 2.35 (s, 3H), 5.68 (dt, *J* = 6.3 Hz, *J* = 15.9 Hz, 1H), 6.59 (d, *J* = 15.9 Hz, 1H), 7.18 (dd, *J* = 7.8 Hz, *J* = 14.3 Hz, 1H), 7.31 (d, *J* = 14.3 Hz, 1H), 7.69 (d, *J* = 7.8 Hz, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 13.3, 20.7, 26.3, 126.1, 126.1, 127.8, 129.9, 133.8, 137.1, 137.4, 139.2, 173.9; MS (EI^+^) calcd for \[M\]^+^ (C~12~H~14~O~2~) 190.10, found 191.10.

### 2-(But-3-en-1-yl)-4-methylbenzoic Acid (**3a**) {#sec4.1.3}

*n*-BuLi (2.5 M in hexane, 1.8 mL, 4.49 mmol) was added dropwise to a solution of 4-methyl-2-methylbenzoic acid (307 mg, 2.04 mmol), THF (10 mL), and HMPA (358 μL, 2.04 mmol) at −78 °C. The reaction mixture was stirred at −20 °C for 1 h, cooled to −78 °C, added with allyl bromide (440 μL, 5.1 mmol, in 1 mL of THF), stirred for 1 h at −78 °C and 1 h at rt, quenched with HCl~(aq)~ (1 N, 3 mL), and extracted with diethyl ether (6 mL × 3). The organic layers were combined, washed with sat. NaCl~(aq)~ (10 mL), dried over Na~2~SO~4~, filtered, and concentrated. The crude product was further purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:5; *R*~*f*~ 0.5) to give **3a** (298 mg, 1.56 mmol, 77%) as a colorless liquid. ^1^H NMR (CDCl~3~, 300 MHz) δ 2.33--2.41 (m, 2H), 2.36 (s, 3H), 3.06 (t, *J* = 7.5 Hz, 2H), 4.95--5.06 (m, 2H), 5.82--5.96 (m, 1H), 7.07 (s, 1H), 7.09 (d, *J* = 6.5 Hz, 1H), 7.95 (d, *J* = 8.5 Hz, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 21.4, 34.2, 35.7, 114.7, 125.2, 126.8, 132.0, 132.1, 138.3, 143.5, 145.0, 173.1; HRMS (ESI) calcd for \[M + H\]^+^ (C~12~H~15~O~2~) 191.1072, found 191.1072.

### (*E*)-2-(But-1-en-1-yl)-4-methylbenzoic Acid (**3b**) {#sec4.1.4}

The general procedure for the isomerization was followed. Starting with **3a** (20.0 mg, 0.10 mmol) and PdCl~2~ (0.9 mg, 5 μmol) in CH~2~Cl~2~ (5 mL), compound **3b** (16.2 mg, 0.085 mmol, 85%) was produced as a white solid after column chromatography (SiO~2~, ethyl acetate/hexanes, 1:3; *R~f~* 0.48). Melting point (mp) 78.0--80.0 °C; ^1^H NMR (CDCl~3~, 500 MHz) δ 1.10 (t, *J* = 7.5 Hz, 3H), 2.24--2.30 (m, 2H), 2.38 (s, 3H), 6.16 (dt, *J* = 6.5 Hz, *J* = 16 Hz, 1H), 7.07 (d, *J* = 8.0 Hz, 1H), 7.24 (d, *J* = 16 Hz, 1H), 7.35 (s, 1H), 7.92 (d, *J* = 8.0 Hz, 1H); ^13^C NMR (CDCl~3~, 125 MHz) δ 13.5, 21.6, 26.2, 123.9, 127.4, 127.8, 128.1, 131.5, 135.5, 140.8, 143.4, 172.9; HRMS (ESI) calcd for \[M + Na\]^+^(C~12~H~14~O~2~Na) 213.0891, found 213.0893.

### 2-(But-3-en-1-yl)-5-methylbenzoic Acid (**4a**) {#sec4.1.5}

*n*-BuLi (2.5 M in hexane, 1.7 mL, 4.39 mmol) was added dropwise to a solution of 5-methyl-2-methylbenzoic acid (300 mg, 1.99 mmol), THF (10 mL), and HMPA (346 μL, 1.99 mmol) at −78 °C. The reaction mixture was stirred at −20 °C for 1 h, cooled to −78 °C, added with allyl bromide (431 μL, 4.97 mmol, in 1 mL of THF), stirred for 1 h at −78 °C and 1 h at rt, quenched with HCl~(aq)~ (1 N, 3 mL), and extracted with diethyl ether (6 mL × 3). The organic layers were combined, washed with sat. NaCl~(aq)~ (10 mL), dried over Na~2~SO~4~, filtered, and concentrated. The crude product was further purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:3; *R*~*f*~ 0.45) to give **4a** (200 mg, 1.05 mmol, 53%) as a colorless liquid. ^1^H NMR (CDCl~3~, 300 MHz) δ 2.36 (s, 3H), 2.40--2.42 (m, 2H), 3.07 (t, *J* = 7.5 Hz, 2H), 4.96--5.07 (m, 2H), 5.83--5.97 (m, 1H), 7.15 (d, *J* = 7.8 Hz, 1H), 7.28 (d, *J* = 7.8 Hz, 1H), 7.88 (s, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 20.7, 33.7, 35.7, 114.8, 127.9, 131.2, 132.1, 133.6, 135.6, 138.2, 141.8, 173.6; HRMS (ESI) calcd for \[M + H\]^+^ (C~12~H~15~O~2~) 191.1072, found 191.1070.

### (*E*)-2-(But-1-en-1-yl)-5-methylbenzoic Acid (**4b**) {#sec4.1.6}

The general procedure for the isomerization was followed. Starting with **4a** (20.0 mg, 0.10 mmol) and PdCl~2~ (0.9 mg, 5 μmol) in CH~2~Cl~2~ (5 mL), compound **4b** (15.4 mg, 0.081 mmol, 81%) was produced as a colorless liquid after column chromatography (SiO~2~, ethyl acetate/hexanes, 1:3; *R~f~* 0.45). ^1^H NMR (CDCl~3~, 500 MHz) δ 1.09 (t, *J* = 7.5 Hz, 3H), 2.22--2.28 (m, 2H), 2.35 (s, 3H), 6.14 (dt, *J* = 6.5 Hz, *J* = 15.7 Hz, 1H), 7.18 (d, *J* = 15.7 Hz, 1H), 7.28 (d, *J* = 8.0 Hz, 1H), 7.45 (d, *J* = 8.0 Hz, 1H), 7.79 (s, 1H); ^13^C NMR (CDCl~3~, 125 MHz) δ 13.5, 20.8, 26.2, 126.5, 127.3, 127.4, 131.5, 133.6, 135.0, 136.3, 137.8, 172.7; HRMS (APCI neg.) calcd for \[M -- H\]^−^ (C~12~H~13~O~2~) 189.0916, found 189.0914.

### 2-(But-3-en-1-yl)-6-methylbenzoic Acid (**5a**) {#sec4.1.7}

*n*-BuLi (2.5 M in hexane, 0.88 mL, 2.20 mmol) was added dropwise to a solution of 6-methyl-2-methylbenzoic acid (150 mg, 1.00 mmol), THF (5 mL), and HMPA (174 μL, 1.00 mmol) at −78 °C. The reaction mixture was stirred at −20 °C for 1 h, cooled to −78 °C, added with allyl bromide (216 μL, 2.50 mmol, in 1 mL of THF), stirred for 1 h at −78 °C and 1 h at rt, quenched with HCl~(aq)~ (1 N, 1.5 mL), and extracted with diethyl ether (3 mL × 3). The organic layers were combined, washed with sat. NaCl~(aq)~ (5 mL), dried over Na~2~SO~4~, filtered, and concentrated. The crude product was further purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:3; *R*~*f*~ 0.5) to give **5a** (222 mg, 1.16 mmol, 59%) as a colorless liquid. ^1^H NMR (CDCl~3~, 300 MHz) δ 2.36--2.40 (m, 2H), 2.41 (s, 3H), 2.43--2.84 (m, 2H), 4.95--5.08 (m, 2H), 5.79--5.93 (m, 1H), 7.08 (d, *J* = 7.5 Hz, 2H), 7.23 (t, *J* = 7.7 Hz, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 20.0, 33.4, 35.4, 115.0, 127.0, 128.0, 129.8, 132.4, 135.2, 137.8, 139.1, 175.6; HRMS (APCI neg.) calcd for \[M -- H\]^−^ (C~12~H~13~O~2~) 189.0916, found 189.0918.

### (*E*)-2-(but-1-en-1-yl)-6-methylbenzoic Acid (**5b**) {#sec4.1.8}

The general procedure for the isomerization was followed. Starting with **5a** (20.0 mg, 0.10 mmol) and PdCl~2~ (0.9 mg, 5 μmol) in CH~2~Cl~2~ (5 mL), compound **5b** (15.8 mg, 0.083 mmol, 83%) was produced as a colorless liquid after column chromatography (SiO~2~, ethyl acetate/hexanes, 1:3; *R~f~* 0.3). ^1^H NMR (CDCl~3~, 500 MHz) δ 1.05 (t, *J* = 7.2 Hz, 3H), 2.20--2.25 (m, 2H), 2.40 (s, 3H), 6.22 (dt, *J* = 6.6 Hz, *J* = 15.6 Hz, 1H), 6.56 (d, *J* = 15.6 Hz, 1H), 7.07 (d, *J* = 7.5 Hz, 1H), 7.22--7.27 (m, 1H), 7.35 (d, *J* = 7.8 Hz, 1H); ^13^C NMR (CDCl~3~, 125 MHz) δ 13.4, 19.9, 26.2, 123.2, 125.8, 126.9, 128.6, 129.7, 131.0, 135.1, 135.9, 174.2; HRMS (ESI) calcd for \[M + Na\]^+^ (C~12~H~14~O~2~Na) 213.0891, found 213.0896.

### 2-(But-3-en-1-yl)-4-flourobenzoic Acid (**6a**) {#sec4.1.9}

*n*-BuLi (2.5 M in hexane, 1.14 mL, 2.85 mmol) was added dropwise to a solution of 4-flouro-2-methylbenzoic acid (200 mg, 1.29 mmol), THF (6 mL), and HMPA (226 μL, 1.29 mmol) at −78 °C. The reaction mixture was stirred at −20 °C for 1 h, cooled to −78 °C, added with allyl bromide (280 μL, 3.24 mmol, in 1 mL of THF), stirred for 1 h at −78 °C and 1 h at rt, quenched with HCl~(aq)~ (1 N, 2 mL), and extracted with diethyl ether (5 mL × 3). The organic layers were combined, washed with sat. NaCl~(aq)~ (10 mL), dried over Na~2~SO~4~, filtered, and concentrated. The crude product was further purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:3; *R*~*f*~ 0.5) to give **6a** (160 mg, 0.82 mmol, 64%) as a colorless liquid. ^1^H NMR (CDCl~3~, 500 MHz) δ 2.38 (q, *J* = 8.0 Hz, 2H), 3.11 (t, *J* = 8.0 Hz, 2H), 4.97--5.04 (m, 2H), 5.82--5.90 (m, 1H), 6.94--6.97 (m, 1H), 6.97 (s, 1H), 8.07--8.11 (m, 1H); ^13^C NMR (CDCl~3~, 125 MHz) δ 34.1, 35.1, 113.1, 115.3, 117.8, 124.1, 134.7, 137.6, 148.6, 163.6, 166.9, 172.3; HRMS (ESI neg.) calcd for \[M -- H\]^−^ (C~11~H~10~FO~2~) 193.0665, found 193.0671.

### (*E*)-2-(But-1-en-1-yl)-4-fluorobenzoic Acid (**6b**) {#sec4.1.10}

The general procedure for the isomerization was followed. Starting with **6a** (20.0 mg, 0.10 mmol) and PdCl~2~ (0.9 mg, 5 μmol) in CH~2~Cl~2~ (5 mL), compound **6b** (15.3 mg, 0.079 mmol, 79%) was produced as a colorless liquid after column chromatography (SiO~2~, ethyl acetate/hexanes, 1:3; *R~f~* 0.51). ^1^H NMR (CDCl~3~, 500 MHz) δ 1.11 (t, *J* = 7.5 Hz, 3H), 2.25--2.31 (m, 2H), 6.20 (dt, *J* = 6.5 Hz, *J* = 16 Hz, 1H), 6.93--6.97 (m, 1H), 7.21--7.23 (m, 1H), 7.28 (s, 1H), 8.02--8.05 (m, 1H); ^13^C NMR (CDCl~3~, 125 MHz) δ 13.3, 26.2, 113.6, 113.8, 113.9, 114.1, 122.7, 126.9, 134.1, 134.2, 137.2, 144.1, 144.1, 164.4, 166.4, 171.7; HRMS (APCI neg.) calcd for \[M -- H\]^−^ (C~11~H~10~FO~2~) 193.0665, found 193.0665.

### 2-(But-3-en-1-yl)-5-flourobenzoic Acid (**7a**) {#sec4.1.11}

*n*-BuLi (2.5 M in hexane, 1.14 mL, 2.85 mmol) was added dropwise to a solution of 5-flouro-2-methylbenzoic acid (200 mg, 1.29 mmol), THF (6 mL), and HMPA (226 μL, 1.29 mmol) at −78 °C. The reaction mixture was stirred at −20 °C for 1 h, cooled to −78 °C, added with allyl bromide (280 μL, 3.24 mmol, in 1 mL of THF), stirred for 1 h at −78 °C and 1 h at rt, quenched with HCl~(aq)~ (1 N, 2 mL), and extracted with diethyl ether (5 mL × 3). The organic layers were combined, washed with sat. NaCl~(aq)~ (10 mL), dried over Na~2~SO~4~, filtered, and concentrated. The crude product was further purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:3; *R*~*f*~ 0.5) to give **7a** (86 mg, 0.44 mmol, 34%) as a colorless liquid. ^1^H NMR (CDCl~3~, 300 MHz) δ 2.28 (q, *J* = 8.0 Hz, 2H), 2.32 (s, 1H), 3.01 (t, *J* = 8.0 Hz, 2H), 4.90--4.97 (m, 2H), 5.75--5.83 (m, 1H), 7.09--7.13 (m, 1H), 7.15--7.18 (m, 1H), 7.66 (s, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 19.5, 30.7, 30.8, 116.1, 116.8, 117.1, 124.5, 124.7, 129.7, 129.8, 131.1, 133.7, 135.2, 157.5, 160.7, 174.2; HRMS (APCI neg.) calcd for \[M -- H\]^−^ (C~11~H~10~FO~2~) 193.0665, found 193.0666.

### (*E*)-2-(But-1-en-1-yl)-5-fluorobenzoic Acid (**7b**) {#sec4.1.12}

The general procedure for the isomerization was followed. Starting with **7a** (20.0 mg, 0.10 mmol) and PdCl~2~ (0.9 mg, 5 μmol) in CH~2~Cl~2~ (5 mL), compound **7b** (10.8 mg, 0.056 mmol, 56%) was produced as a colorless liquid after column chromatography (SiO~2~, ethyl acetate/hexanes, 1:3; *R~f~* 0.45). ^1^H NMR (CDCl~3~, 500 MHz) δ 1.09 (t, *J* = 7.5 Hz, 3H), 2.24--2.27 (m, 2H), 6.12 (dt, *J* = 6.5 Hz, *J* = 16 Hz, 1H), 7.14--7.20 (m, 2H), 7.50 (s, 1H), 7.51--7.53 (m, 1H), 7.65--7.67 (m, 1H); ^13^C NMR (CDCl~3~, 125 MHz) δ 13.4, 26.2, 117.5, 117.6, 120.0, 120.1, 126.6, 129.3, 129.3, 135.9, 136.9, 160.0, 162.0, 170.4; HRMS (ESI neg.) calcd for \[M -- H\]^−^ (C~11~H~10~FO~2~) 193.0665, found 193.0666.

### 2-(But-3-en-1-yl)-4-chlorobenzoic Acid (**8a**) {#sec4.1.13}

*n*-BuLi (2.5 M in hexane, 1.76 mL, 4.4 mmol) was added dropwise to a solution of 4-chloro-2-methylbenzoic acid (342 mg, 2.0 mmol), THF (10 mL), and HMPA (348 μL, 2.0 mmol) at −78 °C. The reaction mixture was stirred at −20 °C for 1 h, cooled to −78 °C, added with allyl bromide (432 μL, 5.0 mmol, in 2 mL of THF), stirred for 1 h at −78 °C and 1 h at rt, quenched with HCl~(aq)~ (1 N, 3.5 mL), and extracted with diethyl ether (10 mL × 3). The organic layers were combined, washed with sat. NaCl~(aq)~ (15 mL), dried over Na~2~SO~4~, filtered, and concentrated. The crude product was further purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:3; *R*~*f*~ 0.5) to give **8a** (215 mg, 1.02 mmol, 51%) as a colorless liquid. ^1^H NMR (CDCl~3~, 300 MHz) δ 2.34 (q, *J* = 7.5 Hz, 2H), 3.06 (t, *J* = 7.5 Hz, 2H), 4.94--5.02 (m, 2H), 5.78--5.87 (m, 1H), 7.21--7.22 (m, 2H), 7.97 (d, *J* = 9.3 Hz, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 34.0, 35.2, 115.3, 126.3, 126.3, 131.2, 133.3, 137.6, 139.2, 147.0, 172.5; HRMS (APCI neg.) calcd for \[M -- H\]^−^ (C~11~H~10~ClO~2~) 209.0369, found 209.0367.

### (*E*)-2-(But-1-en-1-yl)-4-chlorobenzoic Acid (**8b**) {#sec4.1.14}

The general procedure for the isomerization was followed. Starting with **8a** (22.0 mg, 0.10 mmol) and PdCl~2~ (0.9 mg, 5 μmol) in CH~2~Cl~2~ (5 mL), compound **8b** (19.4 mg, 0.092 mmol, 92%) was produced as a colorless liquid after column chromatography (SiO~2~, ethyl acetate/hexanes, 1:3; *R~f~* 0.5). ^1^H NMR (CDCl~3~, 500 MHz) δ 1.10 (t, *J* = 7.5 Hz, 3H), 2.26--2.29 (m, 2H), 6.20 (dt, *J* = 6.5 Hz, *J* = 16 Hz, 1H), 7.19--7.23 (m, 2H), 7.25--7.93 (m, 1H), 7.95 (s, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 13.4, 26.2, 126.5, 127.8, 128.8, 130.9, 132.3, 132.8, 136.7, 139.1, 171.1; HRMS (ESI neg.) calcd for \[M -- H\]^−^ (C~11~H~10~ClO~2~) 209.0369, found 209.0363.

### 2-(But-3-en-1-yl)-5-chlorobenzoic Acid (**9a**)^[@ref26]^ {#sec4.1.15}

*n*-BuLi (2.5 M in hexane, 1.76 mL, 4.4 mmol) was added dropwise to a solution of 5-chloro-2-methylbenzoic acid (342 mg, 2.0 mmol), THF (10 mL), and HMPA (348 μL, 2.0 mmol) at −78 °C. The reaction mixture was stirred at −20 °C for 1 h, cooled to −78 °C, added with allyl bromide (432 μL, 5.0 mmol, in 2 mL of THF), stirred for 1 h at −78 °C and 1 h at rt, quenched with HCl~(aq)~ (1 N, 3.5 mL), and extracted with diethyl ether (10 mL × 3). The organic layers were combined, washed with sat. NaCl~(aq)~ (15 mL), dried over Na~2~SO~4~, filtered, and concentrated. The crude product was further purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:3; *R*~*f*~ 0.48) to give **9a** (219 mg, 1.04 mmol, 52%) as a colorless liquid. ^1^H NMR (CDCl~3~, 300 MHz) δ 2.34 (q, *J* = 7.5 Hz, 2H), 3.07 (t, *J* = 7.5 Hz, 2H), 4.95--5.03 (m, 2H), 5.80--5.89 (m, 1H), 7.20 (d, *J* = 8.3 Hz, 1H), 7.42 (d, *J* = 8.3 Hz, 1H), 8.01 (s, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 33.5, 35.4, 115.2, 129.4, 131.5, 131.8, 132.7, 132.8, 137.6, 143.3, 171.9.

### (*E*)-2-(But-1-en-1-yl)-5-chlorobenzoic Acid (**9b**) {#sec4.1.16}

The general procedure for the isomerization was followed. Starting with **9a** (22.0 mg, 0.10 mmol) and PdCl~2~ (0.93 mg, 5 μmol) in CH~2~Cl~2~ (5 mL), compound **9b** (20.4 mg, 0.097 mmol, 97%) as a colorless liquid was produced after column chromatography (SiO~2~, ethyl acetate/hexanes, 1:3; *R~f~* 0.45). ^1^H NMR (CDCl~3~, 300 MHz) δ 1.11 (t, *J* = 7.5 Hz, 3H), 2.21--2.32 (m, 2H), 6.18 (dt, *J* = 6.6 Hz, *J* = 15.8 Hz, 1H), 7.17 (d, *J* = 15.8 Hz, 1H), 7.41--7.50 (m, 2H), 7.97 (s, 1H); ^13^C NMR (CDCl~3~, 125 MHz) δ 13.4, 26.2, 126.5, 127.9, 128.8, 130.9, 132.3, 132.8, 136.7, 139.1, 171.4; HRMS (ESI neg.) calcd for \[M -- H\]^−^ (C~11~H~10~ClO~2~) 209.0369, found 209.0370.

### 2-(But-3-en-1-yl)-3-methoxybenzoic Acid (**10a**) {#sec4.1.17}

*n*-BuLi (2.5 M in hexane, 1.86 mL, 4.64 mmol) was added dropwise to a solution of 3-methoxy-2-methylbenzoic acid (352 mg, 2.11 mmol), THF (10 mL), and HMPA (737 μL, 4.23 mmol) at −78 °C. The reaction mixture was stirred at −20 °C for 1 h, cooled to −78 °C, added with allyl bromide (456 μL, 5.27 mmol, in 2 mL of THF), stirred for 1 h at −78 °C and 1 h at rt, quenched with HCl~(aq)~ (1 N, 3.5 mL), and extracted with diethyl ether (10 mL × 3). The organic layers were combined, washed with sat. NaCl~(aq)~ (15 mL), dried over Na~2~SO~4~, filtered, and concentrated. The crude product was further purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:3; *R*~*f*~ 0.5) to give **10a** (342 mg, 1.62 mmol, 77%) as a colorless liquid. ^1^H NMR (CDCl~3~, 300 MHz) δ 2.21--2.28 (m, 2H), 3.04 (t, *J* = 7.8 Hz, 2H), 3.78 (s, 3H), 4.86--4.99 (m, 2H), 5.80--5.93 (m, 1H), 6.97 (d, *J* = 7.7 Hz, 1H), 7.17 (d, *J* = 8.4 Hz, 1H), 7.50 (dd, *J* = 7.7 Hz, *J* = 8.4 Hz, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 26.1, 34.1, 55.7, 114.2, 114.4, 122.9, 126.4, 129.9, 133.3, 138.8, 157.9, 173.6; HRMS (ESI) calcd for \[M + Na\]^+^ (C~12~H~14~O~3~Na) 229.0841, found 229.0836.

### (*E*)-2-(But-1-en-1-yl)-3-methoxybenzoic Acid (**10b**) {#sec4.1.18}

The general procedure for the isomerization was followed. Starting with **10a** (22.0 mg, 0.10 mmol) and PdCl~2~ (0.9 mg, 5 μmol) in CH~2~Cl~2~ (5 mL), compound **10b** (6.2 mg, 0.03 mmol, 30%) was produced as a colorless liquid after column chromatography (SiO~2~, ethyl acetate/hexanes, 1:3; *R~f~* 0.5).^1^H NMR (CDCl~3~, 300 MHz) ^1^H NMR (CDCl~3~, 300 MHz) δ 1.10 (t, *J* = 7.4 Hz, 3H), 2.24--2.29 (m, 2H), 3.86 (s, 3H), 6.15 (dt, *J* = 6.5 Hz, *J* = 15.3 Hz, 1H), 6.78 (d, *J* = 15.3 Hz, 1H), 7.01 (d, *J* = 2.4 Hz, 1H), 7.26--7.32 (m, 1H), 8.01 (d, *J* = 8.4 Hz, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 13.4, 26.1, 55.3, 112.1, 112.5, 119.1, 128.1, 133.8, 135.8, 143.4, 163.0, 171.6; HRMS (ESI neg.) calcd for \[M -- H\]^−^ (C~12~H~13~O~3~) 205.0865, found 205.0860.

### 2-(But-3-en-1-yl)-4-methoxybenzoic Acid (**11a**) {#sec4.1.19}

*n*-BuLi (2.5 M in hexane, 1.06 mL, 2.64 mmol) was added dropwise to a solution of 4-methoxy-2-methylbenzoic acid (200 mg, 1.20 mmol), THF (8 mL), and HMPA (419 μL, 2.40 mmol) at −78 °C. The reaction mixture was stirred at −20 °C for 1 h, cooled to −78 °C, added with allyl bromide (456 μL, 5.27 mmol, in 1 mL of THF), stirred for 1 h at −78 °C and 1 h at rt, quenched with HCl~(aq)~ (1 N, 1.5 mL), and extracted with diethyl ether (5 mL × 3). The organic layers were combined, washed with sat. NaCl~(aq)~ (10 mL), dried over Na~2~SO~4~, filtered, and concentrated. The crude product was further purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:5; *R*~*f*~ 0.5) to give **11a** (162 mg, 0.77 mmol, 64%) as a colorless liquid. ^1^H NMR (CDCl~3~, 300 MHz) δ 2.34--2.41 (m, 2H), 3.10 (t, *J* = 6.0 Hz, 2H), 3.84 (s, 3H), 4.95--5.06 (m, 2H), 5.84--5.95 (m, 1H), 6.76 (d, *J* = 7.5 Hz, 1H), 6.79 (s, 1H), 8.07 (d, *J* = 7.5 Hz, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 34.6, 35.4, 55.3, 111.1, 114.8, 116.6, 120.1, 134.4, 138.2, 147.8, 163.0, 172.5; HRMS (APCI neg.) calcd for \[M -- H\]^−^ (C~12~H~13~O~3~) 205.0865, found 205.0860.

### (*E*)-2-(But-1-en-1-yl)-4-methoxybenzoic Acid (**11b**) {#sec4.1.20}

The general procedure for the isomerization was followed. Starting with **11a** (22.0 mg, 0.10 mmol) and PdCl~2~ (0.9 mg, 5 μmol) in CH~2~Cl~2~ (5 mL), compound **11b** (20.0 mg, 0.097 mmol, 97%) was produced as a white solid after column chromatography (SiO~2~, ethyl acetate/hexanes, 1:3; *R~f~* 0.47). Mp 88.0--90.0 °C; ^1^H NMR (CDCl~3~, 500 MHz) ^1^H NMR (CDCl~3~, 300 MHz) δ 1.10 (t, *J* = 7.5 Hz, 3H), 2.25--2.28 (m, 2H), 3.86 (s, 3H), 6.15 (dt, *J* = 6.5 Hz, *J* = 15.5 Hz, 1H), 6.74--6.79 (m, 1H), 7.00 (s, 1H), 7.28--7.99 (m, 1H), 8.01--8.05 (m, 1H); ^13^C NMR (CDCl~3~, 125 MHz) δ 13.4, 26.1, 55.3, 112.1, 112.5, 119.1, 128.1, 133.8, 135.8, 143.4, 163.0, 171.6; HRMS (ESI neg.) calcd for \[M -- H\]^−^ (C~12~H~13~O~3~) 205.0865, found 205.0867.

### 2-(But-3-en-1-yl)-6-methoxybenzoic Acid (**12a**) {#sec4.1.21}

*n*-BuLi (2.5 M in hexane, 2.11 mL, 5.28 mmol) was added dropwise to a solution of 6-methoxy-2-methylbenzoic acid (400 mg, 2.40 mmol), THF (12 mL), and HMPA (838 μL, 4.81 mmol) at −78 °C. The reaction mixture was stirred at −20 °C for 1 h, cooled to −78 °C, added with allyl bromide (519 μL, 6.0 mmol, in 2 mL of THF), stirred for 1 h at −78 °C and 1 h at rt, quenched with HCl~(aq)~ (1 N, 4 mL), and extracted with diethyl ether (10 mL × 3). The organic layers were combined, washed with sat. NaCl~(aq)~ (15 mL), dried over Na~2~SO~4~, filtered, and concentrated. The crude product was further purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:5; *R*~*f*~ 0.45) to give **12a** (378 mg, 1.79 mmol, 75%) as a colorless liquid. ^1^H NMR (CDCl~3~, 300 MHz) δ 2.33--2.41 (m, 2H), 2.82 (t, *J* = 8.1 Hz, 2H), 3.87 (s, 3H), 4.94--5.06 (m, 2H), 5.79--5.89 (m, 1H), 6.79--6.87 (m, 2H), 7.27--7.33 (m, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 33.1, 35.1, 56.0, 108.9, 115.0, 123.2, 122.1, 130.9, 137.7, 141.3, 156.6, 172.7; HRMS (APCI neg.) calcd for \[M -- H\]^−^ (C~12~H~13~O~3~) 205.0865, found 205.0863.

### (*E*)-2-(But-1-en-1-yl)-6-methoxybenzoic Acid (**12b**) {#sec4.1.22}

The general procedure for the isomerization was followed. Starting with **12a** (22.0 mg, 0.10 mmol) and PdCl~2~ (0.9 mg, 5 μmol) in CH~2~Cl~2~ (5 mL), compound **12b** (16.7 mg, 0.081 mmol, 81%) was produced as a colorless liquid after column chromatography (SiO~2~, ethyl acetate/hexanes, 1:3; *R*~*f*~ 0.48).^1^H NMR (CDCl~3~, 500 MHz) ^1^H NMR (CDCl~3~, 500 MHz) δ 1.06 (t, *J* = 7.5 Hz, 3H), 2.19--2.26 (m, 2H), 3.87 (s, 3H), 6.23 (dt, *J* = 6.5 Hz, *J* = 15.5 Hz, 1H), 6.62 (d, *J* = 15.5 Hz, 1H), 6.81 (d, *J* = 8.3 Hz, 1H), 7.13 (d, *J* = 7.8 Hz, 1H), 7.30 (dd, *J* = 8.3 Hz, *J* = 7.8 Hz, 1H); ^13^C NMR (CDCl~3~, 125 MHz) δ 13.3, 26.2, 56.2, 109.3, 118.8, 120.1, 125.8, 131.0, 136.3, 138.4, 156.7, 170.4; HRMS (ESI) calcd for \[M + Na\]^+^ (C~12~H~14~O~3~Na) 229.0841, found 229.0844.

### 2-(But-3-en-1-yl)-3-nitrobenzoic Acid (**13a**) {#sec4.1.23}

*n*-BuLi (2.5 M in hexane, 3.84 mL, 9.6 mmol) was added to a solution of diisopropylamine (1.6 mL, 11.4 mmol) in anhydrous THF (20 mL) at −20 °C and stirred for 30 min to give a solution of lithium diisopropylamide (LDA). The LDA (7.0 mL, 2.55 mmol) solution was added to a solution of methyl 2-methyl-3-nitrobenzoate (200 mg, 1.0 mmol), THF (8.0 mL), and HMPA (180 μL, 1.02 mmol) at −78 °C and stirred for 2 h. The reaction mixture was added with a solution of allyl bromide (225 μL, 2.56 mmol, in 1 mL of THF) and stirred for another 15 min at −78 °C. Then, the reaction mixture was stirred at −20 °C for 12 h and 25 °C for 15 min, added with sat. NH~4~Cl~(aq)~ (18 mL) to adjust the pH value to 7, and extracted with diethyl ether (20 mL × 3). The organic layers were combined, washed with sat. NaCl~(aq)~ (20 mL), dried over Na~2~SO~4~, filtered, and concentrated. The crude product was further purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:5; *R*~*f*~ 0.45) to give a mixture of methyl 2-(but-3-en-1-yl)-3-nitrobenzoate (14.0 mg, 0.06 mmol, 6%) and methyl 2-methyl-3-nitrobenzoate. The solution of the above ester (14 mg, 0.06 mmol) and KOH (17 mg, 0.3 mmol) in MeOH (5 mL) was heated to reflux for 16 h. After removal of the solvent, the residue was acidified to pH 2 with HCl~(aq)~ (1 N, 1 mL) and extracted with diethyl ether (5 mL × 3). The organic layers were combined, washed with sat. NaCl~(aq)~ (5 mL), dried over Na~2~SO~4~, filtered, and concentrated. The crude product was further purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 3:1; *R*~*f*~ 0.45) to give a mixture of **13a** (12.6 mg, 0.057 mmol, 95%) and 2-methyl-3-nitrobenzoic acid, which were inseparable. ^1^H NMR (CDCl~3~, 500 MHz) δ 2.40--2.44 (m, 2H), 3.16--3.19 (m, 2H), 4.97--5.06 (m, 2H), 5.81--5.90 (m, 1H), 7.40 (dd, *J* = 12.0, 7.9 Hz, 1H), 7.86 (d, *J* = 12.0 Hz, 1H), 8.15 (d, *J* = 7.9 Hz, 1H); ^13^C NMR (CDCl~3~, 125 MHz) δ 16.2, 28.4, 35.0, 115.6, 126.5, 126.9, 127.5, 127.8, 131.7, 134.0, 134.4, 134.7, 137.0, 137.4, 152.3, 171.2; HRMS (ESI neg.) calcd for \[M -- H\]^−^ (C~11~H~10~NO~4~) 221.0610, found 220.0611.

### 2-(But-3-en-1-yl)-4,6-dihydroxybenzoic Acid (**14a**) {#sec4.1.24}

Chloromethyl ethyl ether (3.78 g, 40.0 mmol) was added to a solution of methyl 2,4-dihydroxy-6-methylbenzoate^[@ref27]^ (1.82 g, 10.0 mmol), tetrabutylammonium iodide (185.0 mg, 0.5 mmol), *N*,*N*-diisopropylethylamine (5.17 g, 40.0 mmol), and DMF (65 mL) at 0 °C. The reaction mixture was stirred at 80 °C for 5 h, cooled to rt, diluted with ethyl acetate (40 mL), and washed with sat. NH~4~Cl~(aq)~ (15 mL × 5). The organic layer was separated, dried over sodium sulfate, filtered, and concentrated. The crude product was purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:5; *R*~*f*~ 0.32) to give methyl 2,4-bis(ethoxymethoxy)-6-methylbenzoate (2.77 g, 9.3 mmol, 93%) as a colorless liquid. ^1^H NMR (CDCl~3~, 300 MHz) δ 1.16--1.22 (m, 6H), 2.25 (s, 3H), 3.65--3.72 (m, 4H), 3.85 (s, 3H), 5.17 (s, 4H), 6.52 (d, *J* = 2.1 Hz, 1H), 6.68 (d, *J* = 2.1 Hz, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 15.0, 15.1, 52.0, 64.3, 64.4, 92.9, 93.6, 101.4, 110.6, 118.3, 137.9, 155.6, 158.9, 168.6; HRMS (ESI) calcd for \[M + Na\]^+^ (C~15~H~22~O~6~Na) 321.1314, found 321.1311.

Lithium diisoproylamide, prepared from diisopropylamine (1.46 g, 14.4 mmol) and *n*-butyl lithium (1.6 M, 7.5 mL, 12.0 mmol) in THF (30 mL), was added to a solution of methyl 2,4-bis(ethoxymethoxy)-6-methylbenzoate (2.98 g, 10.0 mmol) and THF (30 mL) at −78 °C and stirred for 10 min. The reaction mixture was added with allyl bromide (1.81 g, 15.0 mmol), stirred for another 15 min at −78 °C, quenched with sat. NH~4~Cl~(aq)~ (20 mL), warmed up to rt, diluted with water (20 mL), and extracted with ethyl acetate (60 mL × 3). The combined organic layers were washed with sat. NH~4~Cl~(aq)~ (20 mL × 3), dried over magnesium sulfate, filtered, and concentrated. The crude product was purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:9; *R*~*f*~ 0.50) to give methyl 2-(but-3-enyl)-4,6- bis(ethoxymethoxy)benzoate (3.05 g, 9.0 mmol, 90%) as a colorless oil. ^1^H NMR (CDCl~3~, 300 MHz) δ 1.17 (t, *J* = 6.9 Hz, 6H), 2.25--2.32 (m, 2H), 2.57--2.62 (m, 2H), 3.63--3.71 (m, 4H), 3.82 (s, 3H), 4.90--5.03 (m, 4H), 5.15 (s, 2H), 5.16 (s, 2H), 5.72--5.86 (m, 1H), 6.53 (d, *J* = 2.1 Hz, 1H), 6.70 (d, *J* = 2.1 Hz, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 14.8, 14.9, 33.1, 34.9, 51.8, 64.1, 64.2, 92.8, 93.4, 101.4, 109.7, 114.9, 118.0, 137.6, 141.5, 155.4, 158.8, 168.4; HRMS (ESI) calcd for \[M + Na\]^+^ (C~18~H~26~O~6~Na) 361.1627, found 361.1631.

A solution of methyl 2-(but-3-enyl)-4,6-bis(ethoxymethoxy)benzoate (169.3 mg, 0.50 mmol), 20% w/w NaOH~(aq)~ (10 mL), and DMSO (10 mL) was stirred at 120 °C for 6 h. The reaction mixture was added with sat. NH~4~Cl~(aq)~ (10 mL) and extracted with ethyl acetate (20 mL × 3). The combined organic layers were washed with sat. NH~4~Cl~(aq)~ (20 mL), dried over magnesium sulfate, filtered, and concentrated. The residue was purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:3; *R*~*f*~ 0.32) to give methyl 2-(but-3-enyl)-4,6-bis(ethoxymethoxy)benzoic acid (155.7 mg, 0.48 mmol, 95%) as a light yellow oil. The solution of the above acid (324.4 mg, 1.0 mmol), HCl~(aq)~ (1 N, 10 mL), and methanol (10 mL) was stirred at rt for 5 h, concentrated, added with water (25 mL), and extracted with ethyl acetate (20 mL × 3). The combined organic layers were washed with sat. NH~4~Cl~(aq)~ (20 mL × 3), dried over sodium sulfate, filtered, and concentrated. The crude product was purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 4:1; *R*~*f*~ 0.47) to give **14a** (195.7 mg, 0.94 mmol, 94%) as a solid ([Scheme [5](#sch5){ref-type="scheme"}](#sch5){ref-type="scheme"}). ^1^H NMR (acetone-*d*~6~, 300 MHz) δ 2.30--2.37 (m, 2H), 3.02 (t, *J* = 7.8 Hz, 2H), 4.91--5.04 (m, 2H), 5.81--5.94 (m, 1H), 6.24 (d, *J* = 1.2 Hz, 1H), 6.31 (d, *J* = 1.2 Hz, 1H); ^13^C NMR (acetone-*d*~6~, 125 MHz) δ 36.3, 36.3, 101.6, 103.9, 111.4, 111.4, 114.6, 138.9, 148.5, 163.1, 166.9, 173.6; HRMS (ESI) calcd for \[M + H\]^+^ (C~11~H~13~O~4~) 209.0814, found 209.0813.

![Synthesis of **14a**](ao-2016-00509f_0009){#sch5}

### 2,4-Diacetoxy-6-(but-3-enyl)benzoic Acid (**15a**) {#sec4.1.25}

Acetic anhydride (306.3 mg, 3.0 mmol) was added to a mixture of **14a** (104.1 mg, 0.50 mmol) and pyridine (49.4 mg, 0.63 mol) at 0 °C. The reaction mixture was stirred at rt for 4 h in the dark, added with H~3~PO~4(aq)~ (1 M, 0.25 mL), and extracted with ethyl acetate (10 mL × 3). The organic layers were combined, washed with sat. NaCl~(aq)~ (10 mL), dried over sodium sulfate, filtered, and concentrated. The crude product was purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 2:1; *R*~*f*~ 0.39) to give **15a** (134.4 mg, 0.46 mmol, 92%) as a light yellow oil. ^1^H NMR (CDCl~3~, 300 MHz) δ 2.26 (s, 3H), 2.28 (s, 3H), 2.33--2.41 (m, 2H), 2.88 (t, *J* = 8.0 Hz, 2H), 4.95--5.05 (m, 2H), 5.75--5.88 (m, 1H), 6.85 (d, *J* = 2.1 Hz, 1H), 6.93 (d, *J* = 2.1 Hz, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 20.1, 21.1, 33.4, 35.0, 114.7, 115.6, 129.6, 122.3, 137.1, 144.1, 149.7, 152.3, 168.5, 169.0, 170.6; HRMS (ESI) calcd for \[M + Na\]^+^ (C~15~H~16~O~6~Na) 315.0845, found 315.0847.

### (*E*)-2,4-Diacetoxy-6-(but-1-enyl)benzoic Acid (**15b**) {#sec4.1.26}

The general procedure for the isomerization was followed. Starting with **15a** (29.2 mg, 0.10 mmol) and PdCl~2~ (0.9 mg, 5 μmol) in CH~2~Cl~2~ (8 mL), compound **15b** (26.9 mg, 0.09 mmol, 92%) was produced after column chromatography (SiO~2~, ethyl acetate/hexanes, 3:1; *R*~*f*~ 0.35). ^1^H NMR (CDCl~3~, 300 MHz) δ 1.06 (t, *J* = 7.5 Hz, 3H), 2.20--2.39 (m, 8H), 6.22 (dt, *J* = 15.6, 6.3 Hz, 1H), 6.68 (d, *J* = 15.6 Hz, 1H), 6.83 (d, *J* = 1.8 Hz, 1H), 7.18 (d, *J* = 2.1 Hz, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 13.3, 21.1, 21.1, 26.2, 115.1, 117.0, 120.1, 125.1, 138.0, 140.3, 149.6, 152.3, 168.6, 169.0, 169.9; HRMS (ESI) calcd for \[M + Na\]^+^ (C~15~H~16~O~6~Na) 315.0845, found 315.0847.

### (*E*)-2-(Pent-1-enyl)benzoic Acid (**16b**) {#sec4.1.27}

The general procedure for the isomerization was followed. Starting with **16a** (38.0 mg, 0.20 mmol) and PdCl~2~ (1.8 mg, 10 μmol) in CH~2~Cl~2~ (8 mL), compound **16b** (32.3 mg, 0.17 mmol, 85%) was produced after column chromatography (SiO~2~, ethyl acetate/hexanes, 1:3; *R*~*f*~ 0.27). ^1^H NMR (CDCl~3~, 300 MHz) δ 0.96 (t, *J* = 7.2 Hz, 3H), 1.48--1.55 (m, 2H), 2.20--2.27 (m, 2H), 6.15 (dt, *J* = 15.9, 6.9 Hz, 1H), 7.21--7.30 (m, 2H), 7.44--7.57(m, 2H), 7.98 (dd, *J* = 7.8 Hz, 1.2 Hz, 1H); HRMS (ESI) calcd for \[M -- H\]^−^ (C~12~H~13~O~2~) 189.0917, found 189.0916.

### (*E*)-2-(Hex-1-enyl)benzoic Acid (**17b**) {#sec4.1.28}

The general procedure for the isomerization was followed. Starting with **17a** (40.9 mg, 0.20 mmol) and PdCl~2~ (1.8 mg, 10 μmol) in CH~2~Cl~2~ (8 mL), compound **17b** (31.4 mg, 0.15 mmol, 77%) was produced after column chromatography (SiO~2~, ethyl acetate/hexanes, 1:3; *R*~*f*~ 0.31). ^1^H NMR (CDCl~3~, 300 MHz) δ 0.93 (t, *J* = 7.2 Hz, 3H), 1.33--1.53 (m, 4H), 2.26 (q, *J* = 6.6 Hz, 2H), 6.15 (dt, *J* = 15.6, 6.9 Hz, 1H), 7.22--7.30 (m, 2H), 7.48 (t, *J* = 7.5 Hz, 1H), 7.55 (d, *J* = 7.8 Hz, 1H), 8.00 (d, *J* = 7.8 Hz); ^13^C NMR (CDCl~3~, 75 MHz) δ 13.9, 22.2, 31.4, 32.8, 126.5, 126.8, 127.5, 128.6, 131.2, 132.8, 134.5, 140.7, 173.1; HRMS (ESI) calcd for \[M -- H\]^−^ (C~13~H~15~O~2~) 203.1068, found 203.1072.

### (*E*)-2-(Hept-1-enyl)benzoic Acid (**18b**)^[@ref28]^ {#sec4.1.29}

The general procedure for the isomerization was followed. Starting with **18a** (43.7 mg, 0.20 mmol) and PdCl~2~ (1.8 mg, 10 μmol) in CH~2~Cl~2~ (8 mL), compound **18b** (23.6 mg, 0.11 mmol, 54%) was produced after column chromatography (SiO~2~, ethyl acetate/hexanes, 1:3; *R*~*f*~ 0.36). ^1^H NMR (CDCl~3~, 300 MHz) δ 0.90 (t, *J* = 7.2 Hz, 3H), 1.32--1.51 (m, 6H), 2.29 (q, *J* = 7.8 Hz, 2H), 6.15 (dt, *J* = 15.6, 6.9 Hz, 1H), 7.21--7.30 (m, 2H), 7.45--7.50 (m, 1H), 7.56 (d, *J* = 7.8 Hz, 1H), 8.00 (d, *J* = 7.8 Hz); ^13^C NMR (CDCl~3~, 75 MHz) δ 14.0, 22.5, 28.9, 31.4, 33.1, 126.5, 127.5, 128.5, 131.2, 131.2, 132.8, 134.6, 140.7, 172.6.

### (*E*)-2-(Pent-3-enyl)benzoic Acid (**20a**) {#sec4.1.30}

*n*-BuLi (1.6 M in hexanes, 1.4 mL, 2.2 mmol) was added to a solution of *o*-toluic acid (136 mg, 1.0 mmol) and THF (3 mL) at −78 °C. The reaction mixture was stirred at −78 °C for 10 min, added with crotyl bromide (338 mg, 2.5 mmol), stirred for another 15 min, quenched with HCl~(aq)~ (1 N, 5 mL), warmed up to rt, and diluted with diethyl ether (10 mL). The organic layer was separated, and the aqueous solution was further extracted with diethyl ether (10 mL × 3). The combined organic layers were washed with HCl~(aq)~ (1 N, 5 mL), dried over sodium sulfate, filtered, and concentrated. The crude product was purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:4; *R*~*f*~ 0.40) to give **20a** (110 mg, 0.58 mmol, 58%) as a light yellow liquid. ^1^H NMR (CDCl~3~, 300 MHz) δ 1.53--1.64 (m, 3H), 2.24--2.42 (m, 2H), 3.08 (t, *J* = 7.5 Hz, 2H), 5.37--5.51 (m, 2H), 7.24--7.29 (m, 2H), 7.46 (t, *J* = 6.6 Hz, 1H), 8.03 (d, *J* = 7.5 Hz, 1H); HRMS (ESI) calcd for \[M -- H\]^−^ (C~12~H~13~O~2~) 189.0921, found 189.0916.

### 2-(3-Methylbut-3-enyl)benzoic Acid (**21a**) {#sec4.1.31}

The above procedure to prepare **20a** was followed. Starting with *o*-toluic acid (136 mg, 1.0 mmol), *n*-butyl lithium (1.6 M in hexanes, 1.4 mL, 2.2 mmol), and 3-chloro-2-methyl-1-propene (226 mg, 2.5 mmol), compound **21a** (112 mg, 0.59 mmol, 59%) was produced after column chromatography (SiO~2~, ethyl acetate/hexanes, 1:4; *R*~*f*~ 0.40). ^1^H NMR (CDCl~3~, 300 MHz) δ 1.80 (s, 1H), 2.33 (t, *J* = 8.1 Hz, 2H), 3.17 (t, *J* = 8.1 Hz, 2H), 4.74 (d, *J* = 4.8 Hz, 2H), 7.25--7.31 (m, 2H), 7.45--7.50 (m, 1H), 8.06 (d, *J* = 7.8 Hz, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 22.4, 33.4, 39.9, 110.3, 126.0, 128.1, 131.2, 131.7, 133.0, 145.3, 145.5, 173.4; HRMS (ESI) calcd for \[M -- H\]^−^ (C~12~H~13~O~2~) 189.0916, found 189.0918.

### 2-(4-Methylpent-3-enyl)benzoic Acid (**22a**) {#sec4.1.32}

The above procedure to prepare **20a** was followed. Starting with *o*-toluic acid (136 mg, 1.0 mmol), *n*-butyl lithium (1.6 M in hexanes, 1.4 mL, 2.2 mmol), and 1-bromo-3-methyl-2-butene (373 mg, 2.5 mmol), compound **22a** (123 mg, 0.60 mmol, 60%) was produced after column chromatography (SiO~2~, ethyl acetate/hexanes, 1:5; *R*~*f*~ 0.40). ^1^H NMR (CDCl~3~, 300 MHz) δ 1.53 (s, 3H), 1.68 (s, 3H), 2.31 (q, *J* = 7.5 Hz, 2H), 3.05 (t, *J* = 7.5 Hz, 2H), 5.18--5.22 (m, 1H), 7.25--7.30 (m, 2H), 7.43--7.49 (m, 1H), 8.02 (dd, *J* = 8.1, 1.2 Hz, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 17.5, 25.7, 30.3, 34.8, 123.7, 125.9, 128.3, 131.4, 131.5, 132.4, 132.8, 145.2, 173.4; HRMS (ESI) calcd for \[M -- H\]^−^ (C~13~H~15~O~2~) 203.1069, found 203.1072.

### (*E*)-2-(5-Hydroxypent-3-enyl)benzoic Acid (**23a**) {#sec4.1.33}

Grubbs catalyst, second generation (17 mg, 0.020 mmol), was added to a solution of compound **1a** (176 mg, 1.0 mmol), allyl alcohol (174 mg, 3.0 mmol), and copper (I) iodide (5.7 mg, 0.03 mmol) in diethyl ether (10 mL) under an atmosphere of nitrogen. The mixture was heated at reflux for 5 h, cooled to rt, and concentrated. The crude product was purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 4:1; *R*~*f*~ 0.45) to give **23a** (142.3 mg, 0.69 mmol, 69%) as a colorless liquid. ^1^H NMR (CDCl~3~/D~2~O, 300 MHz) δ 2.31--2.43 (m, 2H), 3.09 (t, *J* = 7.5 Hz, 2H), 4.06 (d, *J* = 5.7 Hz, 2H), 5.56--5.66 (m, 1H), 5.7--5.80 (m, 1H), 7.23--7.29 (m, 2H), 7.41--7.47 (m, 1H), 7.97 (dd, *J* = 8.1, 1.2 Hz, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 34.1, 34.3, 63.4, 126.1, 128.7, 129.4, 131.2, 131.4, 132.4, 132.7, 144.2, 172.0; HRMS (ESI) calcd for \[M + Na\]^+^ (C~12~H~14~O~3~Na) 229.0841, found 229.0838.

### (*E*)-2-(5-(Ethoxymethoxy)pent-3-enyl)benzoic Acid (**24a**) {#sec4.1.34}

Grubbs catalyst, 2nd generation (5.1 mg, 6 μmol), was added to a solution of compound **1a** (159 mg, 0.90 mmol), 3-(ethoxymethoxy)prop-1-ene (38.8 mg, 0.30 mmol) and copper (I) iodide, (1.7 mg, 9 μmol) in diethyl ether (3 mL) under an atmosphere of nitrogen. The mixture was heated at reflux for 5 h, cooled to rt and concentrated. The crude product was purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:1; *R*~*f*~ 0.55) to give **24a** (37.0 mg, 0.14 mmol, 48%) as a colorless liquid. ^1^H NMR (CDCl~3~, 300 MHz) δ 1.21 (t, *J* = 6.9 Hz, 3H), 2.28--2.40 (m, 2H), 3.12 (t, *J* = 7.2 Hz, 2H), 3.60 (q, *J* = 6.9 Hz, 2H), 4.02 (d, *J* = 6.0 Hz, 2H), 4.67 (s, 2H), 5.53--5.62 (m, 1H), 5.75--5.84 (m, 1H), 7.27--7.29 (m, 2H), 7.43--7.48 (m, 1H), 8.03 (d, *J* = 7.5 Hz, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 15.1, 34.1, 34.1, 63.2, 67.9, 93.9, 126.1, 126.4, 128.3, 131.2, 131.6, 132.8, 134.0, 144.5, 172.7; HRMS (ESI) calcd for \[M + Na\]^+^ (C~15~H~20~O~4~Na) 287.1259, found 287.1252.

### (*E*)-2-(5-(Ethoxymethoxy)pent-1-enyl)benzoic Acid (**24b**) {#sec4.1.35}

Palladium chloride (0.9 mg, 5.0 μmol) was added to a solution of compound **24a** (26.4 mg, 0.10 mmol) in 1,2-dichloroethane (4 mL). The suspension was refluxed for 5 h under an atmosphere of nitrogen and concentrated. The crude product was purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:1; *R*~*f*~ 0.43) to give **24b** (14.8 mg, 0.056 mmol, 56%) as a light yellow liquid. ^1^H NMR (CDCl~3~, 300 MHz) δ 1.20 (t, *J* = 7.2 Hz, 3H), 1.74--1.84 (m, 2H), 2.31--2.38 (m, 2H), 3.56--3.64 (m, 4H), 4.69 (s, 2H), 6.13 (dt, *J* = 15.6, 6.9 Hz, 1H), 7.24--7.28 (m, 2H), 7.45--7.55 (m, 2H), 7.97 (d, *J* = 7.8 Hz, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 15.1, 29.3, 29.8, 63.1, 67.1, 95.1, 126.7, 127.4, 129.2, 131.1, 131.7, 132.7, 133.2, 140.3, 171.5; HRMS (ESI) calcd for \[M + Na\]^+^ (C~15~H~20~O~4~Na) 287.1259, found 287.1259.

### 2-(3-Butenyl)benzamide (**25a**) {#sec4.1.36}

A reaction mixture of **1a** (176 mg, 1.0 mmol) and thionyl chloride (110 μL, 1.5 mmol) was stirred for 15 min in an ice bath, heated to 50 °C for 5 h, and concentrated. The reaction mixture was added with aqueous ammonia (35%, 0.2 mL, 9.0 mmol) at 0 °C, stirred for 30 min, and extracted with chloroform (3 × 10 mL). The organic layers were combined and concentrated. The crude product was purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:2; *R*~*f*~ 0.45) to give **25a** (105 mg, 0.6 mmol, 60%) as a white solid. Mp 68.5--72.0 °C; ^1^H NMR (CDCl~3~, 300 MHz) δ 2.31--2.36 (m, 2H), 2.85 (t, *J* = 7.5 Hz, 2H), 4.87--4.98 (m, 2H), 5.71--5.84 (m, 1H), 6.08 (br, 1H/NH~2~), 7.11--7.19 (m, 2H), 7.25--7.35 (m, 2H); ^13^C NMR (CDCl~3~, 75 MHz) δ 32.6, 35.5, 115.0, 125.9, 126.9, 130.1, 130.3, 135.2, 137.9, 140.1, 172.2; HRMS (APCI) calcd for \[M + H\]^+^ (C~11~H~14~NO) 176.1075, found 176.1074.

### (*E*)-2-(1-Butenyl)benzamide (**25b**) {#sec4.1.37}

Palladium chloride (1.0 mg, 5 μmol) was added to a solution of compound **25a** (16 mg, 0.09 mmol) in CH~2~Cl~2~ (5 mL). The suspension was heated to reflux for 5 h under an atmosphere of nitrogen and concentrated. The crude product was purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:3; *R*~*f*~ 0.5) to give **25b** (15 mg, 0.085 mmol, 94%) as a light yellow solid. Mp 77.5--80.0 °C; ^1^H NMR (CDCl~3~, 300 MHz) δ 1.02 (t, *J* = 7.5 Hz, 3H), 2.13--2.23 (m, 2H), 5.85 (br, 1H/NH~2~), 6.11 (dt, *J* = 15.9, 6.6 Hz, 1H), 6.33 (br, 1H/NH~2~), 6.68 (d, *J* = 15.9 Hz, 1H), 7.16 (d, *J* = 6.6 Hz, 1H), 7.27--7.32 (m, 1H), 7.42--7.45 (m, 2H); ^13^C NMR (CDCl~3~, 75 MHz) δ 13.4, 26.1, 126.3, 126.5, 126.7, 127.6, 130.4, 133.6, 135.9, 136.2, 171.9; HRMS (ESI) calcd for \[M + H\]^+^ (C~11~H~14~NO) 176.1075, found 176.1071.

### 2-(3-Butenyl)-*N*-methylbenzamide (**26a**) {#sec4.1.38}

A reaction mixture of **1a** (176 mg, 1.0 mmol) and thionyl chloride (130 μL, 1.8 mmol) was stirred for 15 min in an ice bath, heated to 50 °C for 3 h, and concentrated. The reaction mixture was added with aqueous methylamine (40%, 0.1 mL, 1.5 mmol) and triethylamine (0.2 mL, 2.0 mmol) at 0 °C, stirred for 1 h at 25 °C, and extracted with Et~2~O (3 × 5 mL). The organic layers were combined, washed with sat. NaCl~(aq)~ (5 mL), dried over Na~2~SO~4~, filtered, and concentrated. The crude product was purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 3:21; *R*~*f*~ 0.5) to give **26a** (163 mg, 0.86 mmol, 86%) as a white solid. Mp 104.5--105.0 °C; ^1^H NMR (CDCl~3~, 300 MHz) δ 2.23--2.31 (m, 2H), 2.76 (t, *J* = 7.3 Hz, 2H), 2.84 (d, *J* = 4.7 Hz, 3H), 4.84--4.95 (m, 2H), 5.68--5.58 (m, 1H), 5.98 (br, 1H/NHMe), 7.08 (d, *J* = 7.3 Hz, 1H), 7.12--7.26 (m, 3H); ^13^C NMR (CDCl~3~, 75 MHz) δ 26.4, 32.5, 35.4, 114.9, 125.7, 126.6, 129.6, 130.0, 136.4, 137.9, 139.8, 170.8; HRMS (APCI) calcd for \[M + H\]^+^ (C~12~H~15~NO) 190.1232, found 190.1237.

### (*E*)-2-(1-Butenyl)-*N*-methylbenzamide (**26b**) {#sec4.1.39}

Palladium chloride (1.0 mg, 6 μmol) was added to a solution of compound **26a** (22 mg, 0.11 mmol) in 1,2-dichloroethane (5 mL). The reaction suspension was heated to reflux for 5 h under an atmosphere of nitrogen and concentrated. The crude product was purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:3; *R*~*f*~ 0.5) to give **26b** (20 mg, 0.105 mmol, 96%) as a colorless solid. Mp 101.0--103.0 °C; ^1^H NMR (CDCl~3~, 300 MHz) δ 1.06 (t, *J* = 7.5 Hz, 3H), 2.18--2.27 (m, 2H), 2.97 (d, *J* = 4.8 Hz, 3H), 5.74 (br, 1H/NHMe), 6.15 (dt, *J* = 15.7, 6.6 Hz, 1H), 6.67 (d, *J* = 15.7 Hz, 1H), 7.18--7.23 (m, 1H), 7.30--7.33 (m, 1H), 7.39 (d, *J* = 7.6 Hz, 1H), 7.46 (d, *J* = 8.0 Hz, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 13.5, 26.2, 26.6, 29.6, 126.2, 126.3, 126.7, 127.4, 129.9, 134.8, 135.6, 135.8, 170.3; HRMS (APCI) calcd for \[M + H\]^+^ (C~12~H~15~NO) 190.1232, found 190.1227.

### 2-(3-Butenyl)-*N,N*-dimethylbenzamide (**27a**) {#sec4.1.40}

A reaction mixture of **1a** (176 mg, 1.0 mmol) and thionyl chloride (130 μL, 1.8 mmol) was stirred for 15 min in an ice bath, heated to 50 °C for 3 h, and concentrated. The reaction mixture was added with dimethylamine (121 mg, 1.5 mmol) and triethylamine (0.2 mL, 2.0 mmol) at 0 °C, stirred for 1 h at 25 °C, and extracted with Et~2~O (3 × 5 mL). The organic layers were combined, washed with sat. NaCl~(aq)~ (5 mL), dried over Na~2~SO~4~, filtered, and concentrated. The crude product was further purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 3:1; *R*~*f*~ 0.55) to give **27a** (148 mg, 0.73 mmol, 73%) as a colorless oil. ^1^H NMR (CDCl~3~, 300 MHz) δ 2.40--2.32 (m, 2H), 2.69 (t, *J* = 7.5 Hz, 2H), 2.83 (s, 3H), 3.13 (s, 3H), 4.95--5.06 (m, 2H), 5.76--5.90 (m, 1H), 7.13--7.18 (m, 1H), 7.19--7.23 (m, 1H), 7.26--7.32 (m, 2H); ^13^C NMR (CDCl~3~, 75 MHz) δ 32.3, 34.5, 34.6, 38.7, 115.0, 125.9, 126.0, 128.7, 129.4, 136.3, 137.8, 138.0, 171.3; HRMS (ESI) calcd for \[M + Na\]^+^ (C~13~H~17~NONa) 226.1208, found 226.1202.

### (*E*)-2-(3-Butenyl)-*N*,*N*-dimethylbenzamide (**27b**) {#sec4.1.41}

Palladium chloride (1.0 mg, 5 μmol) was added to a solution of compound **27a** (20 mg, 0.1 mmol) in isopropyl alcohol (5 mL). The suspension was heated to reflux for 5 h under an atmosphere of nitrogen and concentrated. The crude product was purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:3; *R*~*f*~ 0.46) to give **27b** (11.4 mg, 0.057 mmol, 57%) as a colorless oil. ^1^H NMR (CDCl~3~, 300 MHz) δ 0.99 (t, *J* = 7.5 Hz, 3H), 2.12--2.16 (m, 2H), 2.70 (s, 3H), 3.06 (s, 3H), 6.13 (dt, *J* = 15.9, 5.7 Hz, 1H), 6.24 (d, *J* = 15.9 Hz, 1H), 7.06--7.15 (m, 1H), 7.18--7.21 (m, 1H), 7.23--7.26 (m, 1H), 7.44 (d, *J* = 6.7 Hz, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 13.6, 26.2, 34.6, 38.4, 125.4, 125.9, 126.1, 126.3, 126.9, 128.8, 129.6, 135.3, 171.3; HRMS (ESI) calcd for \[M + Na\]^+^ (C~13~H~17~NONa) 226.1208, found 226.1214.

### Methyl 2-(3-butenyl)benzoate (**28a**)^[@ref29]^ {#sec4.1.42}

A solution of **1a** (200 mg, 1.135 mmol), methanol (5 mL), and concentrated sulfuric acid (0.1 mL) was heated to reflux for 16 h and concentrated. The residue was diluted with ethyl acetate (5 mL), basified with NaOH~(aq)~ (4 N, 0.15 mL), and further extracted with ethyl acetate (5 mL × 2). The organic layers were combined, washed with sat. NaCl~(aq)~ (5 mL), dried over Na~2~SO~4~, filtered, and concentrated. The crude product was purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:10; *R*~*f*~ 0.5) to give **28a** (179 mg, 0.94 mmol, 83%) as a colorless oil. ^1^H NMR (CDCl~3~, 300 MHz) δ 2.25--2.32 (m, 2H), 2.95 (t, *J* = 8.1 Hz, 2H), 3.81 (s, 3H), 4.87--4.98 (m, 2H), 5.76--5.85 (m, 1H), 7.14--7.19 (m, 2H), 7.31--7.36 (m, 1H), 7.78 (d, *J* = 6.6 Hz, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 33.9, 35.6, 51.8, 114.7, 125.8, 129.5, 130.6, 131.0, 131.8, 138.1, 143.6, 168.0.

### (*E*)-Methyl 2-(1-butenyl)benzoate (**28b**)^[@ref30]^ {#sec4.1.43}

Palladium chloride (1.4 mg, 8 μmol) was added to a solution of compound **28a** (30 mg, 0.16 mmol) in isopropyl alcohol (7 mL). The suspension was heated to reflux for 5 h under an atmosphere of nitrogen and concentrated. The crude product was purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:10; *R*~*f*~ 0.6) to give **28b** (27.7 mg, 0.18 mmol, 92%) as a light yellow oil. ^1^H NMR (CDCl~3~, 300 MHz) δ 1.03 (t, *J* = 7.5 Hz, 3H), 2.05--2.23 (m, 2H), 3.80 (s, 3H), 6.04 (dt, *J* = 15.6, 6.6 Hz, 1H), 7.03--7.08 (d, *J* = 15.6 Hz, 1H), 7.13--7.18 (dd, *J* = 7.5, 7.3 Hz, 1H), 7.34 (t, *J* = 7.1 Hz, 1H), 7.44 (d, *J* = 7.3 Hz, 1H), 7.74 (d, *J* = 7.5 Hz, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 13.5, 26.2, 51.9, 126.3, 127.1, 127.4, 128.1, 130.2, 131.8, 135.4, 139.6, 168.0.

### 2-(But-3-en-1-yl)benzonitrile (**29a**)^[@ref31]^ {#sec4.1.44}

A reaction mixture of **25a** (175 mg, 1.0 mmol), 2,2,2-trifluoroacetic anhydride (160 μL, 1.1 mmol), and Et~3~N (289 μL, 2 mmol) was stirred for 30 min at 0 °C, added with icy water (5 mL), and extracted with chloroform (10 mL × 3). The combined organic layers were concentrated. The crude product was purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:5; *R*~*f*~ 0.5) to give **29a** (63 mg, 0.4 mmol, 40%) as a colorless oil. ^1^H NMR (CDCl~3~, 300 MHz) δ 2.31--2.39 (m, 2H), 2.86 (t, *J* = 7.5 Hz, 2H), 4.91--4.98 (m, 2H), 5.70--5.83 (m, 1H), 7.18--7.25 (m, 2H), 7.40--7.45 (m, 1H), 7.51 (d, *J* = 7.5 Hz, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 33.9, 34.6, 112.4, 115.9, 118.0, 126.4, 129.5, 132.6, 132.7, 136.6, 145.6.

### Isomerization Reaction of **30a** {#sec4.1.45}

Palladium chloride (1.8 mg, 10 μmol) was added to a solution of compound **30a** (36.0 mg, 0.20 mmol) in CH~2~Cl~2~ (8 mL). The suspension was stirred at rt for 5 h under an atmosphere of nitrogen, filtered, and concentrated. The residue (33.6 mg) was analyzed by ^1^H NMR (CDCl~3~, 300 MHz), which showed 71% of **30a**, 16% of **30b**, and 13% of 4-(2-butenyl)benzoic acid (E/Z = 3.6:1).

### Isomerization Reaction of **31a** {#sec4.1.46}

Palladium chloride (1.8 mg, 10 μmol) was added to a solution of compound **30a** (26.2 mg, 0.20 mmol) in CH~2~Cl~2~ (8 mL). The suspension was stirred at rt for 5 h under an atmosphere of nitrogen, filtered, and concentrated. The residue (28.5 mg) was analyzed by ^1^H NMR (CDCl~3~, 300 MHz), which showed 81% of **31a**, 10% of **31b**,^[@cit32a]^ and 9% of (2-butenyl)benzene (E/Z = 2.5:1).^[@cit32b]^

### (*E*)-2-(Propenyl)benzoic Acid (**32b**)^[@ref33]^ {#sec4.1.47}

Palladium chloride (1.6 mg, 9 μmol) was added to a solution of compound **32a** (30.0 mg, 0.18 mmol) in CH~2~Cl~2~ (8 mL). The suspension was stirred at rt for 5 h under an atmosphere of nitrogen and concentrated. The crude product was purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:5; *R*~*f*~ 0.5) to give **32b** (27.2 mg, 0.17 mmol, 91%) as a colorless solid. ^1^H NMR (CDCl~3~, 500 MHz) δ 1.93 (dd, *J* = 6.5, 1.5 Hz, 3H), 6.13 (dq, *J* = 15.5, 6.5 Hz, 1H), 7.24 (m, 2H), 7.45 (m, 1H), 7.52 (d, *J* = 7.7 Hz, 1H), 7.99 (dd, *J* = 7.7, 1.5 Hz, 1H); ^13^C NMR (CDCl~3~, 125 MHz) δ 18.7, 126.5, 126.7, 127.4, 129.0, 129.8, 131.2, 132.8, 140.6, 172.7.

### 2-(Ethoxymethoxy)-6-methylbenzoic Acid (**35**) {#sec4.1.48}

Ethoxymethyl chloride (0.92 mL, 9.85 mmol) was added to a solution of 2-hydroxy-6-methylbenzoic acid **31** (1.0 g, 6.57 mmol), diisopropylethylamine (3.43 mL, 19.71 mmol), and DMF (19 mL) at 0 °C. The reaction mixture was stirred at rt for 16 h, cooled to 0 °C, added with sat. NH~4~Cl~(aq)~ (25 mL), and extracted with dichoromethane (25 mL × 3). The organic layers were combined, washed with sat. NaCl~(aq)~ (25 mL), dried over Na~2~SO~4~, filtered, and concentrated. The crude product was purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:10; *R*~*f*~ 0.5) to give **35** (0.80 g, 3.81 mmol, 58%) as a colorless liquid. ^1^H NMR (CDCl~3~, 300 MHz) δ 1.25 (t, *J* = 7.1 Hz, 3H), 2.56 (s, 3H), 3.77 (q, *J* = 7.1 Hz, 2H), 5.55 (s, 2H), 6.69 (d, *J* = 7.5 Hz, 1H), 6.81 (d, *J* = 8.3 Hz, 1H); 7.24 (dd, *J* = 8.3 Hz, *J* = 7.5 Hz, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 14.9, 24.0, 29.6, 66.5, 90.3, 112.0, 115.7, 122.9, 134.4, 141.3, 163.2, 171.4; HRMS (APCI neg.) calcd for \[M -- H\]^−^ (C~11~H~13~O~4~) 209.0814, found 209.0813.

### (*E*)-2-(Ethoxymethoxy)-6-(tridec-3-enyl)benzoic Acid (**36**) {#sec4.1.49}

*n*-BuLi (2.5 M in hexane, 3.84 mL, 9.6 mmol) was added to a solution of diisopropylamine (1.6 mL, 11.4 mmol) in anhydrous THF (20 mL) at −20 °C and stirred for 30 min to give a solution of LDA. The solution of LDA (13.2 mL, 4.98 mmol) was added to a solution of 2-(ethoxymethoxy)-6-methylbenzoic acid (**35**, 500 mg, 2.37 mmol), anhydrous THF (18 mL), and HMPA (0.82 mL, 4.74 mmol) at −78 °C and stirred for 15 min. The reaction mixture was added with a solution of (*E*)-1-bromododec-2-ene (1.52 g, 6.16 mmol) in anhydrous THF (6 mL) and stirred for another 15 min at −78 °C. Then, the reaction mixture was stirred at −20 °C for 6 h and another 15 min at rt, quenched with sat. NH~4~Cl~(aq)~ (36 mL), and extracted with diethyl ether (45 mL × 3). The organic layers were combined, washed with sat. NaCl~(aq)~ (45 mL), dried over Na~2~SO~4~, filtered, and concentrated. The crude product was purified by column chromatography (SiO~2~, ethyl acetate/hexanes, 1:8; *R*~*f*~ 0.55) to give **36** (463 mg, 1.23 mmol, 52%) as a colorless liquid. ^1^H NMR (CDCl~3~, 300 MHz) δ 0.85 (t, *J* = 7.1 Hz, 3H), 1.23 (br, 17H), 1.92--1.94 (m, 2H), 2.07--2.11 (m, 2H), 3.76 (q, *J* = 7.1 Hz, 2H), 5.30--5.44 (q, 2H), 5.56 (s, 2H), 6.69 (d, *J* = 7.5 Hz, 1H), 6.81 (d, *J* = 8.2 Hz, 1H); 7.27 (dd, *J* = 8.2 Hz, *J* = 7.5 Hz, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 14.0, 24.0, 26.8, 29.1, 29.3, 29.5, 29.6, 31.8, 32.5, 66.5, 90.3, 115.7, 122.9, 127.4, 128.1, 128.2, 131.5, 131.6, 132.5, 132.7, 134.4, 163.3, 171.4; MS (ESI neg.) calcd for \[M -- OH\]^−^ (C~23~H~35~O~3~) 359.2, found 359.1.

### 8-Hydroxy-3-undecyl-1H-2-benzopyran-1-one (**38**)^[@ref34]^ {#sec4.1.50}

Palladium chloride (1.7 mg, 9 μmol) was added to a solution of compound **36** (36.0 mg, 0.090 mmol), 2,6-di-*tert*-butyl-4-methylphenol (21 mg, 0.09 mmol), and methanol (5 mL). The suspension was stirred at rt for 5 h under an atmosphere of nitrogen and concentrated. The crude product was purified by column chromatography (ethyl acetate/*n*-hexane, 1:10; *R*~*f*~ 0.6) to give **38** (27.8 mg, 0.08 mmol, 98%) as a colorless liquid. ^1^H NMR (CDCl~3~, 300 MHz) δ 0.85 (t, 3H), 1.23 (br, 16H), 1.64--1.66 (m, 2H), 2.46--2.50 (m, 2H), 6.23 (s, 1H), 6.77 (d, *J* = 7.5 Hz, 1H), 6.87 (d, *J* = 8.2 Hz, 1H); 7.25 (dd, *J* = 8.2 Hz, *J* = 7.5 Hz, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 14.0, 22.6, 26.8, 28.9, 29.2, 29.4, 29.5, 30.2, 31.8, 33.2, 34.3, 104.2, 114.4, 115.0, 125.4, 137.2, 137.9, 157.5, 161.6, 166.9.

### 8-Hydroxy-3-undecylisochroman-1-one (**33**)^[@ref35]^ {#sec4.1.51}

A suspension of **38** (10 mg, 0.03 mmol) and palladium on activated charcoal (10%, 1.6 mg) in methanol (2 mL) was stirred under an atmosphere of hydrogen (1000 psi) at 30 °C for 5 h and then concentrated. The crude product was purified by column chromatography (ethyl acetate/*n*-hexane, 1:10; *R*~*f*~ 0.55) to give **33** (7.0 mg, 0.02 mmol, 73%) as a colorless solid. Mp 88.5--90.5 °C; ^1^H NMR (CDCl~3~, 300 MHz) δ 0.85 (t, *J* = 7.5 Hz, 3H), 1.30 (br, 16H), 1.61--1.87 (m, 4H), 2.88--2.92 (m, 2H), 4.52--4.59 (m, 1H), 6.65 (d, *J* = 7.5 Hz, 1H), 6.84 (d, *J* = 8.3 Hz, 1H); 7.35 (dd, *J* = 8.3 Hz, *J* = 7.5 Hz, 1H), 11.01(s, 1H); ^13^C NMR (CDCl~3~, 75 MHz) δ 14.1, 22.6, 24.8, 29.3, 29.4, 29.5, 29.6, 31.8, 32.9, 34.7, 79.7, 116.1, 117.8, 136.0, 139.5, 162.1, 166.9.

The one-pot procedure to prepare **33** from **36**, a suspension of compound **36** (21 mg, 0.056 mmol), palladium chloride (1.0 mg, 0.0056 mmol), 2,6-di-*tert*-butyl-4-methylphenol (12 mg, 0.056 mmol), and MeOH (5 mL) was stirred at rt for 5 h. The reaction vial was then placed in an autoclave, and the reaction mixture was stirred at 35 °C for 10 h under an atmosphere of hydrogen (1000 psi). The solvent was removed, and the crude product was purified by column chromatography to give **33** (11 mg, 0.035 mmol, 62%).

The Supporting Information is available free of charge on the [ACS Publications website](http://pubs.acs.org) at DOI: [10.1021/acsomega.6b00509](http://pubs.acs.org/doi/abs/10.1021/acsomega.6b00509).Experimental procedures and spectral data of compounds described herein ([PDF](http://pubs.acs.org/doi/suppl/10.1021/acsomega.6b00509/suppl_file/ao6b00509_si_001.pdf))
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